Submicrometer Nanospray Emitters Provide New Insights into the Mechanism of Cation Adduction to Anionic Oligonucleotides.
The electrospray-MS analysis of oligonucleotides is hampered by nonvolatile metal cations, which may produce adducts responsible for signal suppression and loss of resolution. Alternative to replacing metal cations with MS-friendly ammonium, we explored the utilization of nanospray emitters with submicrometer-diameter tips, which was shown to benefit the analysis of protein samples containing elevated salt concentrations. We demonstrated that such benefits are not limited to proteins, but extend also to oligonucleotide samples analyzed in the negative ion mode. At elevated Na+/Mg2+ concentrations, submicrometer tips produced significantly greater signal-to-noise ratios, as well as greatly reduced adducts and salt clusters, than observed when utilizing micrometer tips. These effects were marginally affected by emitter composition (i.e., borosilicate versus quartz), but varied according to salt concentration and number of oligonucleotide phosphates. The results confirmed that adduct formation is driven by the concentrating effects of the desolvation process, which leads to greatly increased solute concentrations as the volume of the droplet decreases. The process promotes cation-phosphate interactions that may not have necessarily existed in the initial sample, but nevertheless shape the observed adduct series. Therefore, such series may not accurately reflect the distribution of counterions surrounding the analyte in solution. No adverse effects were noted on specific metal interactions, such as those present in a model drug-DNA assembly. These observations indicate that the utilization of submicrometer tips represents an excellent alternative to traditional ammonium-replacement approaches, which enables the analysis of oligonucleotides in the presence of Na+/Mg2+ concentrations capable of preserving their structure and functional properties.